Introduction 1 0 0 research disciplines, but certainly also within the aging field, readily accessible data is dwarfed 1 0 1 by the immense volume of published but uncurated data. Further, the volume of uncurated data is 1 0 2 increasing even more rapidly. In order to harness the knowledge that lies dormant in large 1 0 3 published datasets, two steps are necessary: 1) published data must integrated; and 2) publicly 1 0 4 accessible tools must be developed that are capable of integrating data from multiple sources into Here we utilize integrative functional genomics in GeneWeaver to address four questions 1 0 7 related to aging by analyzing these large-scale, complex sets of data: a) to identify molecular 1 0 8 relations between cellular senescence and functional cognitive decline, b) to examine the 1 0 9 intersection between comorbid disease states, c) to identify new druggable targets for longevity, 1 1 0 and d) to examine cross-species translation of age-related processes. GeneWeaver is both a database of functional genomics gene sets and a suite of 1 1 4 combinatorial and statistical tools that enable users to operate on these sets. GeneWeaver was 1 1 5 designed to integrate large-scale genomic studies and houses these analytic tools and curated 1 1 6 data from multiple species, ontological resources, and individual users in one central location. Users can upload sets of genes from personal or published experimental results that can then be 1 1 8 made publicly available as part of the shared archive of gene sets in GeneWeaver, or analyzed 1 1 9
privately. In the data archive, user submitted gene sets are integrated with gene sets from Mendelian Inheritance in Man (OMIM), and Pathway Commons. Data from these diverse 1 2 6 resources are distilled into sets of genes within the GeneWeaver database. Additional gene sets 1 2 7 have been created in GeneWeaver that are derived from data previously annotated to biological 1 2 8 processes, disease states, or ontologies. Combine tool 1 3 0
The GeneWeaver "Combine" tool was used to create a set of genes representing the union of 1 3 1 ontology annotation derived gene sets related to properties of cellular senescence (and another 1 3 2 set of genes containing genes experimentally related to functional decline such as genome-wide 1 3 3 differential expression data related to aging-related cognition and memory phenotypes. The 1 3 4 combine tool was used to obtain the union of all the genes within a selected gene set and 1 3 5 provides a count as to the number of sets each gene is found in. GeneWeaver's "Jaccard Similarity" tool was used on two genes sets to identify genes at the 1 3 8 intersection of both senescence and functional decline. The "Jaccard Similarity" tool provides a 1 3 9 pairwise comparison of the gene sets being analyzed. The resulting graph shows the overlap of 1 4 0 genes in the sets using Venn diagrams. A Jaccard similarity coefficient is calculated by taking 1 4 1 the size of the intersection of the two gene sets, and dividing by the number of unique genes 1 4 2 available in the two sets. A value of 1.0 means perfectly overlapping, and 0 means no 1 4 3 intersection. The "Jaccard Similarity" tool was again used to determine the similarity among 1 4 4 mouse genes annotated to obesity and mouse genes annotated to abnormal learning and memory. The "Boolean Algebra" tool was used to identify the genes at the intersection of two gene sets, 1 4 7 one from each species tested for caloric restriction. A new gene set was created from the genes 1 4 8 within this intersection. This approach allow the rapid determination of new relationships 1 4 9 between gene sets and the creation of new gene sets based upon these findings. This same 1 5 0 approach was repeated to compare gene sets related to differential drug treatment and overlap In order to identify other compounds that affect the same set of genes underlying the effects of 1 5 4 caloric restriction, the "View Similar GeneSets" tool was used. Viewing similar gene sets within this use of this large genomic analysis tool. CD63 in C.elegans is member of the tertaspanin 3 1 3 family of proteins. Recently it was shown that tsp-3 in C.elegans greatly extend (>20% 3 1 4 extension) lifespan as well. Tetraspanis are transmembrane scaffolding proteins involved in 3 1 5 motility, cell adhesion, proliferation and activation. As more aging-related functional genomic data is generated and made public by scientists 3 1 7 all over the world, integrative functional genomics strategies will allow efficient integration of 3 1 8 each new study into the growing pool of meta-data and rapid analysis that leverages the diversity 3 1 9 of data produced across species and technical disciplines. Here we used several analytical GWAS data with expression data, and identification of animal models of aging phenotypes based 3 2 3 on their underlying biology. These and other applications can be readily executed in GeneWeaver by users and have been summarized in a recent publication [41] . The GeneWeaver 3 2 5 database continues to grow in both the number and the variety of gene-sets it contains. Investigators in the aging research community are encouraged to submit their own studies to this 3 2 7 system. The power and scope of integrative tools like GeneWeaver expand with each new user 3 2 8 and dataset. GeneWeaver tools and data resources are in continued development that will allow 3 2 9
for integration of heterogeneous pathway-centric data, integrating at the level of pathway rather 3 3 0 than at the level of genes, across experiments and species. Together, these advances in aging data 3 3 1 resource aggregation and analytics will enable the aging research community to readily identify 3 3 2 convergent molecular evidence for novel mechanisms of aging, healthspan and lifespan. We thank Stephen Sampson for his feedback on this manuscript. We appreciate the contributions 3 3 5 of previous Chesler lab members in the curation of the aging literature in GeneWeaver Genes co-expressed to the aging phenotype 18 
